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SYSTEM AND METHOD FOR TESTING DEVICES UTILIZING CAPACITIVELY 

COUPLED SIGNALING 

TECHNICAL FIELD 

The present invention is related to testing semiconductor devices, and 
5 more particularly, to a system and method for testing semiconductor devices utilizing 
capaciti vely coupled signaling, such as in a system-in-package device. 

BACKGROUND OF THE INVENTION 

Traditional semiconductor integrated circuit technology is used to 
integrate various electronic circuits onto a common semiconductor substrate to form a 

10 system, or subsystem. However, the traditional approach to integrating circuits Into a 
system has process, manufacturing and design limitations which make integrating some 
electronic circuitry onto a common semiconductor substrate impractical. A new 
integration technology, namely, system-in-package (SiP) technology, attempts to 
overcome the limitations of the traditional approach by interconnecting multiple 

15 discrete semiconductor systems on a common substrate and encapsulating the complete 
system in a common package. Generally, SiP enables the integration of a mix of 
technologies into one package that would otherwise be difficult and expensive using the 
traditional approach. For example, SiP technology has been successfully applied in 
mixed signal applications, such as RF/wireless applications and sensor applications, as 

20 well as in networking and computing .applications, and other high speed digital 
applications. 

As* previously mentioned, the multiple discrete systems of a SiP are 
electrically coupled together to form a system and, as is well known in the art of digital 
electronics, many of the multiple systems communicate with one another by 
25 transmitting digital information in the form of electrical signals. Typically, even analog 
based systems included in the SiP have. the analog signals converted into the digital 
domain. The electrical signals transmitted between the multiple systems represent a 
serial data stream where the data is represented as binary symbols having discrete levels 
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of amplitude or phase, as well known. Multiple electrical signals are transmitted in 
parallel to transmit data of a data width, with each signal representing one bit of the 
width of data. In transmitting the data, the electrical signal is often distorted by various 
phenomena, such as noise, signal strength variations, phase shift variations, and the like. 
5 Additionally, in a SiP device, where multiple individual devices interact, the various 
devices may operate in different voltage domains and potentially cause electrical 
currents to flow from one system to another. Not only do the currents result in 
unwanted current (i.e., power) consumption,, in some cases the current may be great 
enough to cause damage to one of the devices. 

10 In response, SiP devices have .employed capacitively coupled signaling 

between the multiple systems to filter noise from the electrical signals and also prevent 
current flow between devices operating in different voltage domains. Figure 1 
illustrates a capacitively coupled signaling system having a capacitively coupled data 
bus 110 n-bits wide that is used to transmit data signals D_OUT0-DjDUTn. The data 

15 bus 110 includes output driver circuits, or transmitters 112 of the transmitting device 
capacitively coupled through capacitors 118 to input buffer circuits, or receivers 114 at 
the receiving device. The received data has been represented by the received data 
signals D_IN0-DINn. As shown in Figure 1, the data bus 110 has been illustrated as a 
uni-directional data bus, with the transmitters 112 representing a transmitting device 

20 and the receivers 114 representing a receiving device. However, it will be appreciated 
that the data bus 1 10 has been illustrated in this manner by way of example, and that the 
data bus 110 can be a bi-directional data bus as well. 

Lower power is consumed when utilizing capacitively coupled signaling 
since there is only minimal leakage current between devices. Capacitively coupled 

25 signaling is also insensitive to voltage domains, allowing operation without the need for 
level shifting. That is, a capacitively coupled signaling system blocks the DC 
component but transfers the AC component. Additionally, circuits designed for 
protection from electrostatic discharge are no longer necessary where the signaling is 
entirely contained within the SiP device. Load requirements on output circuitry can also 

30 be relaxed compared with conventional off-die signaling because the need to drive 
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signals external to the device package are eliminated for those signals that remain 
internal to the SiP device. 

In fabricating SiP devices, and as with other semiconductor devices, it is 
desirable for the individual devices to be tested to ensure that they will be operable in a 
5 SiP device before being bonded together. Otherwise, if it is determined subsequent to 
bonding that one of the devices will fail when operated in the capacitively coupled 
signaling environment, the entire SiP will need to be scrapped, or subject to rework, 
which subjects the remaining functional devices to greater potential for damage. 
Moreover, it is desirable to test a semiconductor device as it will be used in the SiP 
10 environment, that is, testing the device for functionality in a capacitively coupled 
signaling system by performing AC functional testing on the device. 

Therefore, there is a need for a system and method for testing device that 
will be used in a system utilizing capacitively coupled signaling. 

SUMMARY OF THE INVENTION 

15 The present invention provides an apparatus and method for testing a 

semiconductor device in an AC test regime. In one aspect of the invention, testing and 
evaluation is accomplished by capacitively coupling a test plate to a plurality of signal 
terminals from which data signals are transmitted, transmitting a data signal from one of 
the plurality of signal terminals, and evaluating the data signal detected by the test plate 

20 against a test criteria. In another aspect of the invention, testing and evaluation is 
accomplished by capacitively coupling a test plate to a plurality of signal terminals at 
which data signals are received, transmitting a data signal from the test plate to one of 
the plurality of signal terminals, and evaluating the data signal detected by at the signal 
terminal against a test criteria. 

25 In another aspect of the invention, an apparatus is provided for testing an 

integrated circuit having a plurality of signal terminals to which a corresponding 
plurality of transmitters are coupled, the transmitters applying a data signal to a 
respective signal terminal. The test apparatus includes a test plate capacitively couple to 
the signal terminals of the integrated circuit and a test receiver circuit coupled to the test 
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plate to receive and output the data signal detected at the test plate capacitively coupled 
to the signal terminals. A test unit can be coupled to the test receiver circuit to evaluate 
the detected data signal against test criteria. In another aspect of the invention, a test 
apparatus is provided for an integrated circuit having a plurality of capacitively coupled 
5 signal terminals to which a corresponding plurality of receivers are coupled, the 
receivers generating a respective data signal in response to detecting a respective input 
data signal. The test apparatus includes a test plate capacitively couples to the signal 
terminals of the integrated circuit, a test transmitter circuit coupled to the test plate to 
transmit a data signal to at least one of the signal terminals through the capacitively 
10 coupled test plate, and a test unit coupled to the test signal terminals to evaluate the 
detected data signal against test criteria. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic drawing of a conventional capacitively coupled 

data bus. 

15 Figure 2 is a partial isometric and cross-sectional view of a 

semiconductor structure of a system-in-package device including an embodiment of the 
present invention. 

Figure 3 is a partial isometric and cross-sectional view of a 
semiconductor structure according to an embodiment of the present invention for use in 
20 a capacitively coupled signaling system. 

Figure 4 is a partial isometric and cross-sectional view of a 
semiconductor structure according to another embodiment of the present invention for 
use in a capacitively coupled signaling system. 

Figure 5 is a partial isometric and cross-sectional view of a 
25 semiconductor structure according to another embodiment of the present invention for 
use in a capacitively coupled signaling system. 

Figure 6 is a block diagram of a system-in-package device including an 
embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

Figure 2 is a partial isometric and cross-sectional view illustrating a 
portion of a SiP 500. It will be appreciated that the lateral sizes and thickness of the 
various layers illustrated in the accompanying figures are not drawn to scale and these 
5 various layers or layer portions may have been enlarged or reduced to improve drawing 
. legibility. It will be further appreciated that in the following description, many of the 
processing steps discussed are understood by those of ordinary skill in the art, and 
detailed descriptions thereof have been omitted for the purposes of unnecessarily 
obscuring the present invention. 

10 The SiP 500 includes a first semiconductor device, represented by 

semiconductor structure 200, capacitively coupled to a second semiconductor device, 
represented by a semiconductor structure 520. The semiconductor structures 200, 520 
are capacitively coupled through a dielectric 522. As shown in Figure 2, the 
semiconductor structure 200 is included in a first semiconductor device and the 

15 semiconductor structure 520 is included in a second semiconductor device. A more 
detailed description of the die-to-die bonding process used in forming the structure of - 
the SiP 500 can be found in commonly assigned, UK Patent Application No. 

, entitled STRUCTURE AND METHOD FOR FORMING A 

CAPACITIVELY COUPLED CHIP-TO-CHIP SIGNALING INTERFACE to Neaves, 

20 which is incorporated herein by reference. In summary, signal pads 202, 206 are 
formed on the semiconductor structure 200, and signal pads 502, 506 are formed on the 
semiconductor structure 520, such that when bonding of the two devices occurs, the 
signal pads 202 and 502 are positioned to be capacitively coupled together, and the 
signal pads 206 and 506 are positioned to be capacitively coupled together. Thus, 

25 employing the die-to-die bonding technique described in the aforementioned co-pending 
U.S. Patent Application eliminates the need to use discrete capacitors in forming a 
capacitively coupled signaling system between the semiconductor structure 200 to the 
semiconductor structure 520, 

As shown in Figure 2, the semiconductor structure 200 represents an 

30 embodiment of the present invention which can be used with a capacitively coupled 
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signaling system. Figure 2 illustrates the semiconductor structure 200 implemented in a 
SiP 500 formed in accordance with the previously described co-pending U.S. Patent 
Application. The device on which the semiconductor structure 200 is included 
represents a transmitting device, and the device on which the semiconductor structure 
5 520 is included represents a receiving device. Each of the signal pads 502, 506 are 
coupled to a respective receiver 114 that provides a data signal D_IN0 3 D INI, 
respectively. A grounded conductive plate layer 510 is formed in proximity to the 
signal pads 502, 506 to provide a well defined ground plane. In the semiconductor 
structure 200, the signal pads 202, 206 are coupled to a respective transmitter 1 12, each 
10 of which receives a data signal, D_OUT0, D_OUTl. A conductive plate layer. 210 is 
formed in proximity of the signal pads 202, 206, and is separated therefrom by a 
dielectric material. 

The terms "above" "over," and "below" are used herein to describe the 
positional relationship between a signal pad and a conductive plate layer in order to 
15 facilitate description of embodiments of the present invention. However, it will be 
appreciated by one ordinarily skilled in the art that the signal pad and conductive plate 
layer merely need to be formed in proximity to one another and separated by a dielectric 
material. Therefore, the particular arrangement described as being above, over, or 
below is not intended to limit the scope of the present invention. 
20 The structure 200 can be formed using conventional semiconductor 

processes and materials well known by those ordinarily skilled in the art. For example, 
the conductive plate layer 210 can be formed on a first layer of a dielectric material by 
depositing a first layer of conductive material followed by masking and etching 
processes to form the plate 210. A second layer of dielectric material can then be 
25 formed over the conductive plate layer 210 to electrically insulate it from subsequently 
formed conductive layers. A second layer of conductive material can then be deposited 
on the dielectric material, masked, and then etched to form the signal pads 202, 206 
over the underlying conductive plate layer 210. Another layer of dielectric material can 
be formed over the signal pads 202, 206 and subsequently etched back' to expose the 
30 signal pads 202, 206. Alternatively, a damascene process can be used to form the signal 
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pads 202, 206. A damascene process can be used to form the conductive plate layer 
210, as well. Generally, in a damascene process a dielectric layer is masked and etched 
to form trenches therein. A layer of conductive material is formed to fill the trenches, 
and then etched back such that only the conductive material in the trenches remain. 
5 It will be appreciated that the formation of the semiconductor structure 

200 can be integrated into the fabrication process flow of conventional integrated 
circuits. For example, the conductive plate layer 210 and the signal pads 202, 206 can 
be formed as part of a conventional process for a semiconductor device having a multi- 
level metallization structure. Thus, the semiconductor structure 200 can be formed 

10 during the metallization process of a semiconductor device for use with a capacitively 
coupled signaling system. 

As previously mentioned, coupled to the signal pads 202, 206 are 
transmitters 1 12, to which an output data signal is applied. The transmitters 112 shown 
in Figure 2 generally represent circuitry formed on the semiconductor device on which, 

15 the semiconductor structure 200 is located. As shown in Figure 2, a first data signal 
D_OUT0 is applied to the transmitter 112 and driven at the signal pad 202, and a 
second data signal D_OUTl is applied to the transmitter 112 and driven at the signal 
pad 206. The D_OUT0 and D_OUTl signals are representative of data signals that are 
generated by other circuitry (not shown) on the semiconductor device including the 

20 semiconductor structure 200. The signal pads 202, 206 are capacitively coupled to 
receivers 1 14 through the dielectric 522 and the signal pads 502, 506, respectively. As 
previously discussed with respect to Figure 1, the receivers 114 represent circuitry 
located on the semiconductor device on which the semiconductor structure 522 is 
located. The receivers 114 generate output data signals D_IN0 and DJN1 

25 corresponding to the D_OUT0 and D_OUTl signals, respectively. 

It will be appreciated by those ordinarily skilled in the art that the signal 
driven on the signal pads 202. 206 can be other than data signals, for example, 
command signals and the like can be coupled to the signal pads 202, 206 as well. Such 
modifications can be made without departing from the scope of the present invention. It 

30 will be further appreciated by those ordinarily skilled in the art that although the 
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semiconductor structure 200 is shown in Figure 2 as being part of the transmitting 
device, that is, providing data signals D_OUT0 and D_OUTl to a receiving device, 
electrical signals can be received at the signal pads 202, 206 as well, for example, from 
the semiconductor structures 520. 

Coupled to the conductive plate layer 210 is a test circuit 220. The test 
circuit 220 is further coupled to a voltage reference, such as ground. The test circuit 
220 receives a test mode signal MODE that is used to control the test circuit 220 to 
couple the conductive plate layer 210 to the ground, or to a test receiver 224. The test 
receiver 224 provides a test output signal TEST_OUT that can be provided to test 
equipment for evaluation. It will be appreciated that the test receiver 224 represents 
circuitry that can reside on the semiconductor device including the semiconductor 
structure 200, and that the test receiver 224 can be further coupled to test load circuitry, 
as well known in the art. The output of the test receiver 224 is preferably coupled to a 
conductive pad (not shown) of the semiconductor device that can be coupled to test 
equipment through the use of a conventional probe card. Additionally, the MODE 
signal is generated and provided to the test circuit 220 responsive to appropriate 
command signals applied to signal pads (not shown) of the semiconductor device on 
which the semiconductor structure 200 is located. The command signals can be applied 
by a test equipment to the semiconductor device via a conventional probe card. Use of 
such command signals and test modes, and generation of test mode signals are well 
known by those ordinarily skilled in the art. 

During normal use, the MODE signal controls the test circuit 220 to 
couple the conductive plate layer 210 to ground. The conductive plate 210 is coupled to 
ground to provide the capacitors 118 of a capacitively coupled signaling system a well 
defined ground plane. However, as will be explained in more detail below, the 
conductive plate layer 210 can be used alternatively for the purpose of testing the 
functionality of a semiconductor device including the semiconductor structure 200 in an 
AC test regime. It will be appreciated that evaluation of the data signals driven on the 
signal pads 202, 206 subsequent to die-to-die bonding may be desirable in some 
situations. Additionally, where data is transmitted from the semiconductor structure 
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520 and received by the semiconductor structure 200, evaluation of the received signals 
may be desirable as well. Those ordinarily skilled in the art will have sufficient 
understanding from the description provided herein to practice the invention under 
either condition. 

5 In an embodiment of the present invention, when a test mode is invoked 

by applying appropriate command signals to the semiconductor device, the MODE 
signal controls the test circuit 220 to couple the conductive plate layer 210 to the test 
receiver 224. Under this condition, the conductive plate layer 210 can be used as one 
plate of a capacitor having as its other plate the signal pad 202 or the signal pad 206. 

10 The ''capacitor" dielectric is formed from the dielectric material 208 separating the 
signal pads 202, 206 and the conductive plate layer 210. In operation, a D_OUT signal 
is generated by circuitry on the semiconductor device having the semiconductor 
structure 200, and driven by the transmitter 112 onto a signal pad. For example, a 
D_OUT0 signal is generated and applied to the transmitter 112, which in turn drives the 

15 D_OUT0 signal on the signal pad 202. As the D_OUT0 signal is being driven on the 
signal pad 202, by virtue of the capacitive coupling of the signal pad 202 and the 
conductive plate layer 210, the test receiver 224 detects a capacitively coupled D_OUT0 
signal and generates a corresponding TEST_OUT signal. As previously discussed, the 
output of the test receiver 224 can be applied to a conductive pad (not shown) that is 

20 coupled to test equipment. The TEST_OUT signal can then be evaluated by the test 
equipment to determine functionality of the semiconductor device on which the 
semiconductor structure 200 is included. Various characteristics of the TEST_OUT 
signal corresponding to the D_OUT0 signal can also be evaluated, as well known in the 
art, such as signal skew, slew rates, output levels, and the like. Significantly, however, 

25 is that the evaluation of the semiconductor device on which the semiconductor structure 
200 is included, and the D_OUT0 signal itself, is made in an AC test regime through the 
capacitively coupling between the signal pad 202 and the conductive plate layer 210. 

During the time the D_OUT0 signal is capacitively coupled to the 
conductive plate layer 210, the transmitter 112 coupled to the signal pad 206 is not 

30 driving the data signal D_OUTl . In one embodiment, the transmitter 112 coupled to 
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the signal pad 206 is put into a high impedance state. It will be appreciated that in the 
embodiment shown in Figure 2, the D_OUTl signal should not be driven on the signal 
pad 206 during the evaluation of the DJDUTO signal because the capacitive coupling 
between the signal pad 206 and the conductive plate layer 210 will result in interfering 
with the detection of only the D_OUTO signal at the conductive player layer 210. As a 
result, the semiconductor structure 200 does not allow the D_OUT0 and D_OUTl 
signals to be tested in an AC test regime concurrently. Testing of the D_OUTl signal 
driven on the signal pad 206 can be made either before or after the evaluation of the 
D_OUT0 signal. Although the semiconductor structure 200 allows for only one data 
signal to be evaluated at one time, the semiconductor structure 200 has the benefit that it 
can be implemented simply without the need for including much additional .circuitry. 

It will be appreciated that the particular material and thickness of the 
dielectric material 208 ? and the dimensions of the conductive plate layer 210 and the 
signal pads 202 ; 206 will determine the characteristics of the capacitive coupling of the 
two during testing and evaluation. However, those ordinarily skilled in the art will have 
sufficient understanding based on conventional knowledge and the description provided 
herein to practice embodiments of the present invention. Thus, by applying well known 
principles of semiconductor processing and device design, the characteristics of the 
capacitive coupling between the conductive plate layer 210 and the signal pads 202, 206 
can be tailored as desired. Such modifications remain well within the scope of the 
present invention. 

Figure 3 illustrates the semiconductor structure 200 according to another 
embodiment of the present invention. In contrast to Figure 2, the semiconductor 
structure 200 is shown in Figure 3 prior to die-to-die bonding. As previously discussed,' 
the semiconductor structure 200 includes first and second signal pads 202, 206 formed 
over a conductive plate layer 210 on a dielectric material 208. The signal pads 202, 206 
are coupled to transmitters 112 which receive respective output data signals DJDUTO, 
D_OUTl. The conductive plate layer 210 is coupled to a test circuit 220. The test 
circuit 220 receives a test mode signal MODE and couples the conductive plate layer 
210 to the ground or to a test receiver 224. The test receiver 224 provides a test output 
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signal TEST_OUT that can be provided to test equipment for evaluation. The output of 
the test receiver 224 is preferably coupled to a conductive pad (not shown) of the 
semiconductor device that can be coupled to test equipment through the use of a 
conventional probe card. An advantage of the semiconductor structure 200 as shown in 
5 Figure 3 is that testing and evaluation can be made under conditions that simulate the 
environment in which the semiconductor device will be used, prior to bonding the 
semiconductor device to another device, such as in a SiP device. 

Figure 4 illustrates a partial isometric and cross-sectional view of a 
semiconductor structure 300 according to another embodiment of the present invention 

10 which can be used with a capacitively coupled signaling system. The semiconductor 
structure 300 is similar to the semiconductor structure 200 of Figure 3 in that a 
capacitor is formed between a conductive plate layer and a signal pad in order to 
. provide testing in an AC test regime. However, in contrast to the semiconductor 
structure 200, which is illustrated as having only a single conductive plate layer 210, the 

15 semiconductor structure 300 includes a plurality of conductive plate layers 310, 312, 
each fomied under at least one signal pad. As shown in Figure 4 , the conductive plate 
layer 310 is formed under the signal pad 202 and the conductive plate layer 312 is 
formed under the signal pad 206. Each of the signal pads 202, 206 are shown to be 
capacitively coupled to a respective receiver 114 through a respective capacitor 118 to 

20 represent the capacitive coupling of. a semiconductor device including the 
semiconductor structure 300 to a receiving device (not shown) on which receivers 114 
are located. 

A dielectric material 208 that separates the signal pads 202, 206 from the 
conductive plate layers 310, 312, respectively, is used as a capacitor dielectric during 
25 testing of the semiconductor device including the semiconductor structure 300. It will 
be appreciated that the conductive plate layers 310, 312 should be located with respect 
to each other to avoid capacitive coupling. As shown in Figure 4, conductive plate 
layers 310, 312 are separated from one another by a distance. Alternatively, it will be 
appreciated by those ordinarily skilled in the art, the conductive plate layers 310, 312 
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can be shielded from one another .to minimize capacitive coupling where it is desirable 
to reduce the distance between the two conductive plate layers 3 10. 3 12. 

Each of the conductive plate layers 310, 312 is coupled to a respective 
test circuit 320, 322. As with the test circuit 220 (Figures 2 and 3), the test circuits 320, 
322 couple the conductive plate layers 310, 312 to ground or to a test receiver 324, 326, 
all respectively, under the control of a test mode signal MODE. As previously 
discussed, under normal conditions, the conductive plate layers 310, 312 are coupled to 
ground to provide a well defined ground plane for the signal pads 202, 206. However, 
when a test mode is enabled, each of the conductive plate layers 310, 312 is coupled by 
the test circuit 320, 322 to the input of the test receiver 324, 326. As a signal, such as 
data signals D_OUT0, D_OUTl, are driven on- the signal pads 202, 206, a 
corresponding signal can be detected at the conductive plate layers 310, 312 due to 
capacitive coupling. In response to detecting the corresponding data signals, each of the 
test receivers 324, 326 generates a test signal TESTJ3UT0, TESTJDUT1, that can be 
provided to a respective conductive pad (not shown). Test equipment can be coupled 
via a conventional probe card to each of the conductive pads. Thus, in contrast to the 
semiconductor structure 200, the semiconductor structure 300 allows for evaluation and 
testing of multiple signals concurrently by the test equipment. In an alternative 
embodiment, the TEST_OUT0 and TEST_QUT1 signals are provided to a multiplexer 
(not shown) having an output coupled to a single conductive pad. Although additional 
circuitry in the form of control circuits and the multiplexer will need to be included to 
enable testing using the semiconductor structure 300, this arrangement does allow for 
concurrent application of a respective data signal to signal pads 202, 206. 

Although Figure 4 shows one signal pad 202, 206 coupled each 
conductive plate layer 310, 312, it will be appreciated that each of the conductive plate 
layers 310, 312 can be formed such that a plurality of signal pads can be capacitively 
coupled- to each conductive plate layer 310, .312. In such an embodiment, testing of 
signals driven on signal pads associated with different conductive plate layers can be 
tested concurrently. However, testing of signals driven on the signal pads sharing the 
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same conductive plate layers will need to be tested in the manner previously described 
with respect to the semiconductor structure 200. 

Figure 5 illustrates a partial isometric and cross-sectional view of a 
semiconductor structure 500 according to another embodiment of the present invention 
5 which can be used with a capacitively coupled signaling system. The semiconductor 
structure 500 can be used to test the receivers and input circuitry of the semiconductor 
device on which the semiconductor structure 500 is included in a capacitively coupled 
test regime. The semiconductor structure 500 includes first and second signal pads 202, 
206 formed over a conductive plate layer 210 on a dielectric material 208. The signal 

10 pads 202, 206 are coupled to receivers 512, 516, respectively, which generate input 
signals D_IN0, DJN1 in response to signals applied to the signal pads 202, 206. The 
receivers 512, 516 generally represent circuitry formed on the semiconductor device on 
which the semiconductor structure 500 is located. The DJDtfO, DJNl signals generated 
by the receivers 512, 516 are typically provided to other circuitry for further processing. 

15 The conductive plate layer 210 is coupled to a test circuit 220. The test circuit 220 
receives a test mode signal MODE and couples the conductive plate layer 210 to the 
ground or to the output of a test transmitter 510. The test transmitter 510 couples an 
input test signal TESTJN applied to its input to the conductive plate layer 210 during a 
test mode. The TEST_IN signal can be provided by a tester to a conductive pad (not 

20 shown) to which the input of the test transmitter 510 is coupled via a conventional 
probe card. 

During test mode operation, the TEST_IN signal is applied to the 
conductive plate layer 210. The signal pads 202, 206 are capacitively coupled to the 
conductive plate layer 210, and consequently, the TESTJN signal applied to the 

25 conductive plate layer 210 will be detected at the respective signal pads 202, 206. In 
response, the receivers 512, 516 will generate the D_IN0, DJCN1 signals, which can be 
evaluated by test equipment. In this manner of operation, variations in parasitic 
capacitance and leakage on the capacitively coupled input pin, represented by the signal 
pads 202, 206, can be detected. Moreover, the semiconductor structure 500 allows for 

30 evaluation and testing of input circuitry coupled to the receivers 512, 516 in a 
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capacitively coupled test regime prior to die-to-die bonding with another device, such as 
in a SiP device. 

In one embodiment, the output of the receivers 512, 516 are coupled to 
respective signal pads (not shown) that can be further coupled to test equipment in order 
5 , to evaluate the signals received at the signal pads 202, 206. In another embodiment, the 
DJNO, D_INI signals are multiplexed to a single signal pad (not shown) to which test 
equipment can be coupled to evaluate the signal received at the signal pads 202, 206. In 
another embodiment, the output of the receivers 512, 516 are coupled to circuitry for 
further processing. The output generated by the circuitry in response to receiving the 
0 DJNO, D_IN1 signals can then be provided for evaluation. It will be appreciated by 
those ordinarily skilled in the art that the particular manner in which the signal received 
by the signal pads 202, 206 and the corresponding DJNO, DJN1 signals generated can 
be evaluated in different ways without departing from the scope of the present 
invention. 

Figure 6 illustrates a system-in-package (SiP) device 400 in which 
embodiments of the present invention can be implemented. The SiP device 400 
includes a first discrete system 410 and a second discrete system 430. Both the first and 
second discrete systems 410, 430 are coupled to a voltage bus 402 and a ground bus 404 
to provide power to the systems 410, 430. The first and second discrete systems 410, 
430 include functional circuitry 412, 122 and 432, 124, respectively, that perform 
various operations. The functional circuitry 412, 122 and 432, 124 are conventional, 
and may include well known circuitry such as memory circuits, signal processing 
circuits, data processing circuits, mixed-signal circuits, and the like. The first and 
second discrete systems 410, 430 further include semiconductor structures according to 
an embodiment of the present invention to allow for testing of the respective discrete, 
system in an AC test regime. The first and second discrete systems 410, 430 are 
coupled together using a capacitively coupled signaling system 440. The capacitively 
coupled signaling system 440 allows the first and second discrete systems 410, 430 to 
communicate with one another. It will be appreciated that Figure 6 is merely 
representative of a SiP device, and additional circuitry, discrete systems, and signal 
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lines can be included as well without departing from the scope of the present invention. 
For example, additional passive components (not shown), such as resistors and 
capacitors can be included for biasing, decoupling, bypassing, matching, and the like. 
Additional components have been omitted from Figure 6 in order to avoid obscuring the 
present invention. 

From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the appended claims. 
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CLAIMS 

1. A method of evaluating an integrated circuit having a plurality of data 
terminals from which data signals are transmitted, the method comprising: 

capacitively coupling a test plate to a plurality of signal terminals from which 
data signals are transmitted; 

transmitting a data signal from one of the plurality of signal terminals; and 

evaluating the data signal detected by the test plate against a test criteria. 

2. The method of claim 1, further comprising placing the remaining data 
terminals of the plurality in a high- impedance state. 

3. The method of claim 1 wherein the transmitting signal terminal is a 
first signal terminal and the method further comprises: 

ceasing transmission of the data signal from the first signal terminal; 

transmitting a data signal from another one of the plurality of signal terminals; 

and 

evaluating the data signal detected by the test plate against the test criteria. 

4. The method of claim 1 wherein the integrated circuit is formed on a 
semiconductor die and capacitively coupling a test plate comprises: 

forming the test plate from a conductive plate layer formed on the 
semiconductor die; and 

forming data terminals from conductive signal pads and in proximity to the 
conductive plate layer, the conductive plate layer separated from the conductive signal pads 
by a dielectric material. 

5. The method of claim 4 wherein capacitively coupling a test plate 
further comprises decoupling the test plate from a voltage reference and coupling the test 
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plate to a receiving circuit generating a test signal in response to detecting the data signals at 
the test plate. 

6. The method of claim 1 wherein evaluating the data signal detected by 
the test plate comprises: 

generating a test signal in response to detecting the data signal at the test plate; 
coupling the test signal to a test terminal of the integrated circuit; and 
coupling test equipment to the test terminal to receive the test signal. 

7. The method of claim 1 wherein the integrated circuit comprises a 
memory device. 

8. The method of claim 1 wherein evaluating detected data signal 
comprises comparing the detected data signal to an expected data signal. 

9. A method of testing an integrated circuit having a plurality of signal 
terminals, the method comprising: 

applying a data signal to one of the plurality of signal terminals; 
detecting the data signal at a test plate formed in proximity of the signal 
terminals to be capacitively coupled with the plurality of signal terminals; and 
evaluating the detected data signal against a test criteria. 

10. The method of claim 9 wherein applying a data signal, detecting the 
data signal, and evaluating the detected data signal are repeated for each signal terminal of the 
plurality. 

11. The method of claim 9 applying the data signal to one of the plurality 
of signal terminals comprises generating a data signal representing pseudo-random data and 
driving the data signal on the signal terminal. 



12. The method of claim 9 wherein evaluating the detected data signal 
comprises determining functionality of a transmitter applying the data signal to the signal 
terminal and integrity of a capacitor through which the signal terminal is capacitively 
coupled. 

13. The method of claim 9 wherein evaluating the detected data signal 
comprises comparing the detected data signal to an expected data signal. 

14. The method of claim 9 wherein the integrated circuit is formed on a 
semiconductor die, the test plate is formed from a conductive plate layer formed on the 
semiconductor die, and the signal terminals are formed from conductive signal pads 
positioned- in proximity to the conductive plate layer, the conductive plate layer separated 
from the conductive signal pads by a dielectric material, and detecting the data signal at the 
test plate comprises decoupling the test plate from a voltage reference and coupling the test 
plate to a receiving circuit generating a test signal in response to detecting the data signals at 
the test plate. 

15. The method of claim 9 wherein evaluating the data signal detected by 
the test plate comprises: 

generating a test signal in response to detecting the data signal at the test plate; 
coupling the test signal to a test terminal of the integrated circuit; and 
coupling test equipment to the test terminal to receive the test signal. 

16. The method of claim 9, further comprising placing the remaining signal 
terminals in a high-impedance state. 

17. A method of testing an integrated circuit having a plurality of signal 
terminals from which data is provided over a corresponding plurality of capacitively coupled 
signal lines, the method comprising: 

capacitively coupling a test plate to the plurality of signal terminals; 
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commanding the integrated circuit to generate a data signal at one of the 
plurality of signal terminals; 

evaluating the data signal detected at the test plate in response to the 
generation of the data signal by the integrated circuit; and 

repeating the commanding and evaluating for each of .the plurality of signal 

terminals. 

18. The method of claim 17 wherein the integrated circuit is formed on a 
semiconductor die and capacitively coupling a test plate comprises: 

forming the test plate from a conductive plate layer formed on the 
semiconductor die; and 

forming the plurality of signal terminals from conductive signal pads in 
proximity to the conductive plate layer, the conductive plate layer separated from the 
conductive signal pads by a dielectric material. 

19. The method of claim 18 wherein capacitively coupling a test plate 
further comprises decoupling the test plate from a voltage reference and coupling the test 
plate to a receiving circuit generating a test signal in. response to detecting the data signals at 
the test plate. 

20. The method of claim 17 wherein evaluating the data signal detected by 
the test plate comprises: 

generating a test signal in response to detecting the data signal at the test plate; 
coupling the test signal to a test terminal of the integrated circuit; and 
" coupling test equipment to the test terminal to receive the test signal. 

21. The method of claim 17 wherein evaluating the data signal comprises 
determining functionality of a transmitter applying the data signal to the signal terminal and 
integrity of a capacitor through which the signal terminal is capacitively coupled. 
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22. The method of claim 17 wherein evaluating the data signal comprises 
comparing the detected data signal against an expected data signal. 

23. The method of claim 17 wherein commanding the integrated circuit to 
generate a data signal comprises commanding the integrated circuit- to generate a data signal 
representing pseudo-random data. 

24. The method of claim 17, further comprising placing the remaining data 
terminals of the plurality in a high impedance state. 

25. A method of evaluating an integrated circuit having a plurality of data 
terminals at which data signals are received, the method comprising: 

capacitively coupling a test plate to a plurality of signal terminals at which 
data signals are received; 

transmitting a data signal from the test plate to one of the plurality of signal 

terminals; and 

evaluating the data signal detected by at the signal terminal against a test 

criteria. 

26. The method of claim 25, further comprising placing the remaining data 
terminals of the plurality in a high-impedance state. 

27. The method of claim 25 wherein the receiving signal terminal is a first 
signal terminal, and the method further comprises: 

ceasing reception of the data signal from the first signal terminal; 
transmitting a data signal from the test plate to another one of the plurality of 
signal terminals; and 

evaluating the data signal detected by other signal terminal against the test 

criteria. 



28. The method of claim 25 wherein the integrated circuit is formed on a 
semiconductor die and capacitively coupling a test plate comprises: 

forming the test plate from a conductive plate layer formed on the 
semiconductor die; and 

forming data terminals from conductive signal pads and in proximity to the 
conductive plate layer, the conductive plate layer separated from the conductive signal pads 
by a dielectric material. 

29. The method of claim 28 wherein capacitively coupling a test plate 
further comprises decoupling the test plate from a voltage reference and coupling the test 
plate to a transmitting circuit generating a test signal in response to detecting an input test 
signal. 

30. The method of claim 25 wherein evaluating the data signal detected by 
the data terminal comprises: 

generating a test signal applied to the test plate; 

coupling the test signal detected at the data terminal to a test terminal of the 
integrated circuit; and 

coupling test equipment to the test terminal to receive the test signal. 

31. The method of claim 25 wherein the integrated circuit comprises a 
memory device. 

32. The method of claim 25 wherein evaluating detected data signal 
comprises comparing the detected data signal to an expected data signal. 
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33. A test apparatus for an integrated circuit having a plurality of 
capacitively coupled signal terminals to which a corresponding plurality of transmitters are 
coupled, the transmitters applying a data signal to- a respective signal terminal the test 
apparatus comprising: 

a test plate to capacitively couple to the signal terminals of the integrated 

circuit; 

a test receiver circuit coupled to the test plate to receive and output the data 
signal detected at the test plate capacitively coupled to the signal terminals; and 

a test unit coupled to the test receiver circuit to evaluate the detected data 
signal against test criteria. 

The test apparatus of claim 33 wherein the test receiver comprises a 

The test apparatus of claim 33 wherein the test unit comprises test 
circuitry to determine the functionality of the transmitter applying the data signal to the signal 
terminal and the integrity of a capacitor through which the signal terminal is capacitively 
coupled. 

36. The test apparatus of claim 33 wherein the test unit comprises test 
circuitry to compare the detected data signal against an expected data signal. 

37. A test apparatus for testing a semiconductor device having a plurality 
of signal terminals from which a corresponding plurality of data signals are transmitted, the 
test apparatus comprising: 

a test plate for capacitively coupled to the signal terminals to detect 
transmitted data signals; and 

a test engine coupled to the capacitively coupled test plate to evaluate data 
signals detected by the test plate from a signal terminal transmitting the data signal, the test 
engine commanding the semiconductor device to transmit in sequence a respective data signal 



34. 

buffer circuit. 
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from each of the plurality of signal terminals and further evaluating the respective detected 
data signals against test criteria. 

38. The test apparatus of claim 37 wherein the semiconductor device is 
formed on a semiconductor die and the test plate comprises a conductive plate layer formed 
on the semiconductor die and the plurality of signal terminals comprises conductive signal 
pads formed in proximity to the conductive plate layer, the conductive plate layer separated 
from the conductive signal pads by a dielectric material. 

39. The test apparatus of claim 38 wherein the semiconductor device 
further comprises a test circuit for decoupling the test plate from a voltage reference and 
coupling the test plate to a receiving circuit generating a test signal in response to detecting 
the data signals at the test plate. 

40. • The test apparatus of claim 39 wherein the test signal is coupled to a 
test terminal of the semiconductor device and the test engine is coupled to the test terminal to 
receive the test signal. 

41. The test apparatus of claim 37, further comprising a test receiver 
electrically coupled between the test plate and the test engine, and the test receiver comprises 
a buffer circuit. 

42. The test apparatus of claim 37 wherein the test engine comprises test 
circuitry to determine the functionality of transmitters applying a data signal to a respective 
signal terminal and the integrity of capacitors through which the signal terminals are 
capacitively coupled to the test plate. 

43. The test apparatus of claim 37 wherein the test engine comprises test 
circuitry to compare the detected data signals against expected data signals. 
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44. A test apparatus for an integrated circuit having a plurality of 
capacitively coupled signal terminals to which a corresponding plurality of receivers are 
coupled, the receivers generating a respective data signal in response to detecting a respective 
input data signal, the test apparatus comprising: 

a test plate to capacitively couple to the signal terminals of the integrated 

circuit; 

a test transmitter circuit coupled to the test plate to transmit a data signal to at 
least one of the signal terminals through the test plate; and 

a test unit coupled to the test signal terminals to evaluate the detected data 
signal against test criteria. 

45. The test apparatus of claim 44 wherein the test transmitter comprises a. 

buffer circuit. 

46. The test apparatus of claim 44 wherein the test unit comprises test . 
circuitry to determine the functionality of the receivers coupled to the signal terminals and the 
integrity of a capacitor through which the signal terminal is capacitively coupled. 

47. The test apparatus of claim 44 wherein the test unit comprises test 
circuitry to compare the detected data signal against an expected data signal. 
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SYSTEM AND METHOD FOR TESTING DEVICES UTILIZING CAP ACTIVELY 

COUPLED SIGNALING 

ABSTRACT OF THE DISCLOSURE 

An apparatus and method for testing a semiconductor device in an AC test 
regime. The test apparatus includes a test plate capacitively couple to the signal terminals of 
the integrated circuit. The test plate is coupled to a test receiver circuit to receive and output 
the data signal detected at the test plate capacitively coupled to the signal terminals. 
Alternatively, the test plate is coupled to a test transmitter circuit to transmit data signals to 
signal terminals through the capacitively coupled test plate. A test unit can be coupled to the 
semiconductor device to evaluate the detected data signal against test criteria. Testing and 
evaluation is . accomplished by capacitively coupling a test plate to a plurality of signal 
terminals. Data signals transmitted from a signal terminal and detected by the test plate or 
transmitted from the test plate and detected by the signal terminals are evaluated against a test 
criteria. 
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